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Purpose of seed storage 
Agr icu l tu ra l seeds often need to be retained for use f o r more than one season 
or year, and losses of v i a b i l i t y occur if protect ion against heat, moisture, and 
pests is not provided. Even the most p r im i t i ve a g r i c u l t u r i s t in remote h is tory 
learned to protect his seeds from deter iora t ion by drying them and by using 
closed containers to exclude moisture and pests, and any trade in seed is 
impossible without storage. 
In the case of genetic resources, seed needs to be stored fo r a long period 
to be avai lable to plant breeders in t h e i r quest for pa r t i cu la r genes. There are 
two kinds of col lect ions of genetic resources : 
i. Base col lect ions fo r long-term storage as a precaution against loss. 
i i . Active co l lect ions under medium-term storage used fo r seed d i s t r i b u t i o n , 
evaluat ion, and mu l t i p l i ca t i on . 
Principles of seed storage 
Seed physiology is a rare s c i e n t i f i c spec ia l izat ion and deta i led comparative 
data on the subject are few and rather scattered; but the general p r inc ip les are 
for tunate ly simple. Roberts (1972) and Just ice and Bass (1978) have produced 
excel lent handbooks. Barton (1961) is au thor i ta t i ve on the longevi ty of seeds. 
Variation among species 
Plant species can be divided in to three seed storage groups. 
1. Orthodox seeds are those which can be stored without any problem f o r long 
periods in dry and cool condi t ions, and they include chickpea, faba bean 
and l e n t i l , most cereals, and many other agr icu l tura l crops. For example, 
barley seeds sealed in glass tubes and kept at room temperature had a 
germination of 12% af ter 123 years. 
i i . Recalci t rant seeds have a short l i f e span and cannot be dr ied since they 
do not to le ra te a loss of moisture. This group includes many t rop i ca l 
crops, such as cocoa, sugarcane, coconut, c i t r u s , rubber, and tea . Their 
seed character is t ics are much less well known than those of group i. 
Conservation in v i t r o , as meristem cu l tures, may be a so lu t ion to the 
storage problems of t h i s group. 
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i i i . Seeds with unknown, or l i t t l e known, durat ion of v i a b i l i t y under storage. 
This group includes most wi ld species. 
Natural select ion, according to sc ient is ts at Fort Co l l i ns , is s t i l l much 
more important as a cause of v a r i a b i l i t y than a l terat ions occurring in storage; 
any mutant cel ls that are formed w i l l mostly be swamped by normal ce l l s as they 
are usually weaker or even l e t ha l . The Leguminosae include hard-seeded species, 
the seeds of which may be long l i v e d . For example, T r i fo l ium seeds have been 
reported to survive for 100 years; Goodia for 105 years; Cassia fo r 158 years; 
and A lb iz ia for 147 years. Faba beans, l e n t i l s , and chickpeas, that have been 
selected for e d i b i l i t y and cookabi l i ty , do not have very hard seed coats and do 
not remain viable fo r so long. 
Variation among cultivars 
Var ia t ion among cu l t i vars is often s ign i f i can t . For example, kabuli 
chickpeas survive shorter periods of storage than desi chickpeas, the l a t t e r 
having a th icker , harder seed coat. Inheritance studies of seed longevity of 
pulses have not been reported. 
Condition of the seeds 
I dea l l y , stored seeds should be fu l ly-matured, of normal s ize, uninjured, 
without storage pests and micro-organisms and unaffected by extreme temperatures 
and moisture conditions during f i l l i n g and r ipening. I n i t i a l high v i a b i l i t y 
confers bet ter resistance than low v i a b i l i t y to unfavourable storage condit ions. 
The weather at harvest has an important influence on v i a b i l i t y . Sometimes, 
there fore , plants sown for germplasm stocks are grown in off-seasons. For 
example, sorghum and m i l l e t in India produce bet ter seeds in winter because they 
mature under dr ie r conditions than in the main (rainy) cropping season. 
Hand and mechanical threshing should be carr ied out with care because damaged 
seeds lose v i a b i l i t y more quickly than undamaged seeds. Seed s t ruc ture , the 
ease of removal of the seed from the pod, the moisture content of f r u i t s , and 
the stage of maturi ty can influence seed damage. 
Seed dormancy 
Dormancy is found in several crop species. But not a l l seeds in one l o t are 
necessarily dormant. Seed dormancy is often a reason fo r plant quarantine to 
re ject samples as they are suspected to be dead. In wi ld plants dormancy is 
more common since cul t ivated plants have los t t h i s a t t r i b u t e . Cicer montbre t i i , 
fo r instance, is known to survive in soi l f o r three years p r io r to germination. 
This is probably because it has a hard seed coat, preventing the exchange of 
water and gas; but even scar i f ied seeds show dormancy. Bracts, glumes, 
peri carp, and membranes are other seed structures inducing dormancy, wh i ls t 
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embryo physiology and germination inh ib i to rs can also be involved. For 
gerrnplasm col lect ion and maintenance purposes, seeds of w i ld Cicer and Cajanus 
are rout ine ly scar i f ied to reduce seed dormancy. A l t e rna t i ve l y , seeds of at 
least 2-3 years old should be used. In cold storage dormancy w i l l decrease more 
slowly than in ordinary temperatures. Genetic differences in dormancy have been 
found in l e n t i l s (Tosun et a l . , 1980). 
Moisture content 
This is one of the most important, factors af fect ing seed longev i ty . In 
general, the dr ie r the seed the greater i t s longevi ty . 
Food legumes harvested in a dry climate usually have a moisture content of 
8-11% in the seed. At these moisture levels these is no r i sk of freezing 
damage, if the seeds are placed in a i r - t i g h t containers in a cold store. 
However, if the seed is dr ied' to 5 or 6% moisture content then (assuming a 
reduction of about four percent in moisture content and a doubling of seed 
longevity for each one percent decrease in moisture content) an increase in 
longevity of 2 is obtained. Below 2% moisture content desiccation in ju ry 
occurs at most temperatures. 
High re la t i ve humidity causes the seed moisture content to be high. So, if 
containers are not vapour and a i r -proof a cooled store room needs to be 
dehumidified. The techniques used to reduce the moisture content of seeds for 
storage in gene banks are discussed by Witcombe (Chapter 3 ) . 
Studies re la t ing to a i r and seed moisture content are avai lable for many 
species. During the monsoon in India, chickpea seeds of kabuli cu l t i va r L550 
increased in moisture content from 7 to 12%, while seed of desi cu l t i va rs 
increased by only 1% (observation at ICRISAT). 
Temperature 
As a ' ru le of thumb', between 0 and 500C seed l i f e is halved for each 50C and 
1% increase in moisture content (Harrington, 1970). If degrees Farenheit plus 
% RH to ta l 100 or less, conditions are considered favourable for longevi ty 
(another ru le of thumb suggested by James, see Roberts, 1972). Roberts (1972) 
developed v i a b i l i t y nomographs or nomograms giving the time taken for v i a b i l i t y 
to f a l l to any given level at any given temperature and moisture l e v e l . 
If v a r i a b i l i t y levels are plot ted on a probab i l i t y ( log) scale, the resul tant 
graphs are st ra ight l ines instead of normal d i s t r i bu t i on curves. 
The IBPGR has established two standards re la t ing to seed storage: 
i. Preferred standards: -180C or less; seeds in a i r t i g h t containers at a seed 
moisture content of 5 ±1% wet weight (a requirement for long-term 
storage). 
i i . Acceptable standards: +50C or less in a i r t i g h t containers at seed moisture 
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l e v e l s o f 5-7%; o r 5 C i n u n s e a l e d c o n t a i n e r s , w i t h a c o n t r o l l e d r e l a t i v e 
h u m i d i t y (RH) o f 20%. 
A level of 20% RH is not expensive to maintain in a well designed store 
(Witcombe, Chapter 3) and higher leve ls , of 30-40% RH, can easi ly be achieved. 
The freezing of dry seeds considerably increases longevi ty , perhaps by 
centur ies. In Fort Col l ins (USA) t r i a l s of storage in l i qu i d nitrogen (-197 C) 
have so far resulted in no seed damage, although experiments have run f o r only a 
few years. L i fe processes are v i r t u a l l y stopped and also, presumably, the 
mutations that occur in storage. Repeated freezing and thawing, however, may 
damage seeds. 
Vacuum and gas storage 
Results of research on th is subject are contradictory. At high moisture 
leve ls , oxygen shortens the v i a b i l i t y of bar ley, pea, and other seeds. L iv ing 
seeds' use up oxygen in sealed containers, so w e l l - f i l l e d closed containers are 
recommended. For most s i tuat ions the added expense of using storage atmospheres 
other than a i r appears unnecessary. Such atmospheres may be advantageous fo r 
yery long-term storage, but samples cannot then be easi ly taken. The control of 
seed moisture and temperature are of much greater importance than that of the 
gas medium in seed storage. 
Chemicals and pests 
Chemicals applied to control f ung i , bacter ia , v i ruses, pests and rodents may 
af fect germination and longevity. Dry seeds stored cool are l i t t l e affected 
un t i l germination, as the l i f e processes of the parasites also cease. The use 
of naphthalene bal ls has proved e f fec t ive and convenient (except fo r the odour 
and possible health damage to workers cont inual ly exposed to vapour) to avert 
insect damage, but in cool storage th i s is unnecessary. There is no establ ished 
evidence that exposing seeds to napthalene causes loss of v i a b i l i t y . 
Mercuric ch lor ide, l i qu i d organic mercurials, and hot water (used in disease 
control) a l l reduce seed longevi ty. Fungicidal dusts usually cause no i n j u r y , 
but there are many exceptions. At low temperatures i n ju ry from chemicals is 
reduced. Fumigants vary in the i r influence on seed germination. For example, 
organic mercury reduces the v i a b i l i t y of eggplant seeds, but not of ca r ro t , pea, 
pepper, and tomato. Methyl bromide reduces the vigour and v i a b i l i t y of 
seedlings of several crops, especial ly when applied in high temperature or 
moisture regimes. 
Fungi do not grow on seeds with a moisture content of less than 12%, and 
seeds containing less than 9% moisture are rare ly attacked by insects. 
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Sample size 
The. number of seeds per sample should be at least 12000 fo r long-term 
storage. An accession of an inbred plant is s u f f i c i e n t l y represented with 4000 
seeds. In pract ice often the container s ize , or row length in the f i e l d , 
decides how many seeds are kept. The large-seeded grain legumes, in pa r t i cu la r 
faba bean cu l t i va r s , require larger than average storage space. Opinions s t i l l 
d i f f e r on how many of such seeds should be kept. 
Germination tests 
Af ter harvesting and dry ing, the seeds should be subjected to an i n i t i a l 
germination t es t . Methods for germination tes ts are given in the In ternat ional 
Rules fo r Seed Testing (ISTA, 1966), and they prescribe the optimum method and 
temperature fo r many species. Cu l t ivar di f ferences e x i s t , and must be 
correlated to seed moisture' content, determined by weight change on drying or 
e lec t r i c moisture meters. Grain legumes are tested in sand or pet r i dishes, or 
between paper towels at favourable temperatures. Various equipment is used to 
f a c i l i t a t e the sampling, counting, and germinating of seeds (ISTA, 1966; Just ice 
and Bass, 1978). A convenient method is to germinate the seeds on moist f i l t e r 
paper in 9-cm pet r i dishes at 20-300C. The data should be recorded on standard 
forms and an example is shown in Appendix 4. Chemical tes ts ( e . g . , wi th 
tetrazolium) k i l l the seeds, but are very useful in research to pinpoint dead 
and l i v i n g areas in the seeds. 
In long-term cold storage 2-4 samples of 50-100 seeds should be taken every 
5-10 years to measure t he i r v i a b i l i t y , although it may well be found that the 
v i a b i l i t y period is very long. Sampling reduces d i ve rs i t y , both in respect of 
numbers as well as of populations if the sample is heterogeneous. Sampling 
should be at random. But it should be noted that even seeds in a homogeneous, 
homozygous sample w i l l d i f f e r in v i a b i l i t y . 
To economize on seed, it is an excellent pract ica l idea to keep a few samples 
of seed in large quant i t ies in the cold store under the same condit ions as the 
germplasm mater ia l . These samples can be then tested f requent ly , say yea r l y , 
using large samples. 
E l l i s et a l . (1980) have proposed a method of germination t e s t i n g , 
'sequential t e s t i n g ' , that uses fewer seeds than the ISTA method (Table 1 ) . 
An i n i t i a l quantity of 40 seeds is tested. Depending on the resul ts of t h i s 
test the accession is e i ther c lass i f i ed as requir ing re juvenat ion, or a fu r ther 
test is made. At t h i s second t e s t , and a l l subsequent tes ts in the sequence, 
there are three choices depending on the resul t of the test . 
i . I f the germination is below a cer ta in level the accession requires 
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regeneration and no further tes t ing is necessary. 
i i . I f the germination' is at an intermediate l e v e l , the resu l t is s t i l l 
unclear and a further test is required. 
i i i . If the germination is high there is no need for fu r ther . test ing and the 
accession is retained in the cold store. 
Table 1. Sequential germination test plan for 85% regeneration standard, 
test ing seeds in groups of 40 ( E l l i s et a l . , 1980) 
No. of 
seeds 
tested 
40 
80 
120 
160 
200 
240 
280 
320 
360 
400 
440 
480 
520 
560 
600 
Regenerate i f 
no. of seeds 
germinated is <=: 
29 
64 
100 
135 
170 
205 
240 
275 
310 
345 
380 
415 
450 
485 
520 
Retest accession 
if no. of seeds 
germinated between: 
30-40 
65-75 
101-110 
136-145 
171-180 
206-215 
241-250 
276-285 
311-320 
346-355 
381-390 
416-425 
451-460 
486-495 
521-531 
Keep in store 
if no. of seeds 
germinated is >=: 
-
76 
111 
146 
181 
216 
251 
286 
321 
356 
391 
426 
461 
496 
532 
Storage of pollen 
Pollen from a few fami l ies (Leguminosae, Primulaceae, Pipaceae) can remain 
v iab le for long periods if kept cool and desiccated. Gramineae pollen is 
sho r t - l i ved . Ageing factors are mostly the same as for seeds: respiratory 
substrate exhaustion, enzyme inac t i va t ion , desiccation i n j u r y , blocking by 
secondary metabolic products. Pollen storage is complicated and co l lect ion of 
legume pollen is tedious, and is not yet a pract ical method of storage. 
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Rejuvenation 
Theoretical considerations 
Rejuvenation of germplasm is needed when either germination drops below a 
certa in level {50%, 80%) or seed stock f a l l s below an acceptable minimum, which 
varies with species, breeding system, and opinion. It is wise not to have less 
than 1000 seeds in stock, but in large-seeded legumes pract ice often dictates 
otherwise. Seed increase should preferably be carr ied out in the area of 
o r i g i n , or one s imi lar to i t , in the usual season, or if necessary in the 
off-season so that r ipening takes place in dry weather. 
Chickpea and l e n t i l can be grown without i s o l a t i o n , because natural 
outcrossing is very low (<1%). Faba bean has a rate of outcrossing which 
varies between 20-40%; hence rejuvenation of faba germplasm must be done in 
i s o l a t i o n . The methods of iso la t ion in faba bean are discussed in Witcombe 
(Chapter 12). 
An outbreeding species ideal ly needs to be maintained as a populat ion, 
however impractical t h i s often i s . Such populations contain considerable 
heterogeneity, which poses problems in characterizat ion and evaluat ion. The 
number of accessions or populations could be reduced by merging s imi lar 
accessions into gene pools. Timothy and Goodman (1979) discourage the formation 
of gene pools as tools for the maintenance of genetic resources unless they are 
care fu l l y manipulated in to separate usable un i ts . The bulks would contain 
accessions brought together on the basis of s imi lar cha rac te r i s t i cs , such as 
geographical background, or mul t ivar ia te (c luster) analysis of evaluation data 
(see t r a i t specif ic gene-pools in Witcombe, Chapter 12). 
Management 
In practice the plot size used for the maintenance of germplasm accessions is 
smal l . A plot of 2 x 2 m of chickpeas often gives enough seed to f i l l a bo t t l e 
wi th 0.5-1.0 kg capacity. At ICRISAT chickpea is grown in double rows of 4 m, 
spaced 25 cm apart on the top of ridges spaced 60 or 75 cm apar t , but rows or 
plots on the f l a t are equally su i tab le. The recommended row spacing for l e n t i l s 
is 25-30 cm to give a plant population of around 100 p lants/m 2 . This w i l l 
ensure a high rate of seed mu l t i p l i ca t i on . Grouping of material of s imi lar 
maturi ty is usefu l , but th is is often d i f f i c u l t to plan, especia l ly i f the 
accessions have not been previously evaluated. 
F e r t i l i z e r appl icat ion and i r r i g a t i o n are needed to ensure proper stands and 
sat is factory y ie lds . The amount of i r r i g a t i o n required varies according to 
avai lable soi l moisture and r a i n f a l l . Since overdoses may lead to an excessive 
vegetative growth that reduces y i e l d and makes harvesting cumbersome, or to 
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in fes ta t ion with root diseases, star ter dosage rates of 20 kg of N and 60 kg of 
P2O5/ha are recommended. 
Harvesting very small plots must necessarily be done by hand. Threshing can 
be done by small threshers, but care must be taken to empty the machine ent i re ly 
between samples to avoid contamination. Drying is important. The d r i e r the 
samples the less need there is fo r a r t i f i c i a l dry ing. Seeds are f i r s t put in to 
bags, preferably labelled both inside with a loose tag and outside wi th an 
attached l abe l . In various cleaning operations the loose label can be shi f ted 
from t ray to t ray . 
Germplasm rejuvenation (and evaluation) plots should be well protected 
against pests and diseases. Accessions not well adapted to the environment 
under which they are grown may otherwise be l o s t . Screening against pests and 
diseases should always be conducted separately. Great at tent ion must be paid to 
avoid mistakes in label l ing and the inadvertent mixing of accessions. 
Observations 
If germplasm has already been su f f i c i en t l y evaluated, only a few notes such 
as f lower colour, flowering date, and growth habit need to be taken to ensure 
the i den t i t y of the accession. Iden t i f i ca t ion of of f - types is necessary in both 
l ines and populations. Off-types may be s u f f i c i e n t l y in teres t ing to be 
maintained separately. 
Frequency of rejuvenation 
The frequency of rejuvenation is often determined more by seed supply 
requirements than by considerations of the longevity of the seed. The storage 
of large amounts of seed is cheaper than frequent grow-outs, and reduces the 
chance of mistakes. Errors can be made at a l l l eve l s , but must be reduced to 
the minimum. 
Duplicate accessions 
At ICARDA, ICRISAT, and other internat ional i ns t i t u tes a number of samples is 
maintained that bear the same accession name ( 'admin is t ra t ive ' dupl icates) but 
d i f f e r in regard to seed and plant charac ter is t i cs . Commonly, samples have been 
obtained from d i f fe ren t sources under the same name. A l l such samples need to 
be maintained separately unless the descript ion of the or ig ina l l i n e is known 
and s ta f f can thus discard the wrongly label led l i n e s . Natural se lect ion on a 
single var iety of faba bean grown in d i f fe ren t places w i l l tend to resu l t in 
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d i f fe ren t populations being formed, because of the d i f f e ren t selection pressures 
on the or ig ina l heterogeneous var ie ty and outcrossing. 
The problem of maintaining real duplicates is more complex. If the size of a 
co l lec t ion is manageable, it is better to be cautious and maintain dupl icates, 
unless a l l descriptors match af ter several grow-outs. It is d i f f i c u l t to be 
sure that a l l genes of two genotypes are s imi lar if the phenotypes are s im i la r . 
An example is res is tant sub- l ines, containing genes or a l l e les for resistance 
not present in a l l seeds of an otherwise homogenous population sample. On the 
other hand, one should never attempt to s p l i t a co l lec t ion in to the most ref ined 
set of inbreds. For the purpose of germplasm maintenance, populations are 
preferable. Subsampling, except for useful genes, leads to an explosion of 
numbers and an unmanageable s i tua t ion . 
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GERMINATION TEST LIST ACCESSIONS : 
DATE OF COMMENCEMENT: 
TEMPERATURE : 
GERMINATION CONDITIONS : 
SAMPLE SIZE : 
ACCESSION 
NUMBER 
HARVEST 
YEAR 
NUMBER OF SEEDS GERMINATED 
DATE : 
DAY : 
DATE : 
DAY : 
DATE : 
DAY : 
DATE : 
DAY : 
FINAL % 
GERM-
I NATION 
